
Agenda
– Intro/definitions
– The FPS approach
– Attrition/movement tables, formulas, curves
– Some example scores
– Adjusting the values based on the situation

• Adjusting for Terrain, battle posture, etc.

– The Anti-Potential Potential method to getting scores 
(idea in TACWAR)

The Other Aggregate Attrition Method
Force Ratio/Fire Power Scores



The Idea

• The idea of force ratio/fire power score (FPS) 
attrition models is to: 
– (1) aggregate all of the individual combatants in a unit 

into a single scalar measure of the unit’s combat power, 
then 

– (2) the ratio of attacker to defender combat power is 
used to determine the amount of combat power 
destroyed (attrited) by the enemy in a battle timestep
and the FEBA movement.

• Used in TACWAR, RAND’s JICM, Dupuy’s 
Quantified Judgment Model (QJM)



Some definitions
• Let Si = “value” of one system of type i
• Let Xi = Number of systems
• Then, the combat power of a force

= S(systems)Xi*Si

• Do this for each side, get FPA, FPD
• Force Ratio = FPA/FPD
• Do this for each sector (Piston model)
• Allocate casualties, movement as a function of the force 

ratio for a time step
• Adjust values and repeat...



Some Comments

• In the basic setup
– Linear value of systems
– No explicit interactions 

• Very difficult to specify a system’s value



Getting Fire Power Scores

• Military judgment (RAND)
– See picture

• Measures of Lethality (Dupuy)
– OLI = F(rate of fire, reliability, accuracy, 

number of targets per strike, range)

• Anti-Potential Potential (APP)—more later
– Objective



E.g., RAND Fire Power Scores

• This is constantly 
being revised
– See JICM 

Homepage



Adjusting Fire Power Scores

• Some examples (from TacWAR [ATLAS] 
and RAND)
– Reduced effectiveness due to attrition
– Low on logistics
– Type of battle
– Terrain
– Weapons mix



Adjusting Combat Power for…

ATLAS Percent Effectiveness Due to Casualties



Adjusting Combat Power for…

Adjust ATLAS Percent Effectiveness Due to Logistics 



RAND’s Situational Force Scoring

• Adjust basic scores by factors (multiples) to 
account for
– type of terrain (table lookup)
– type of battle (table lookup)
– Also can adjust for weapon mix nationality 

factors, … (again, table lookup), 
– See enclosed pictures



Example:
RAND’s

Situational 
Adjustments 
(multipliers)



Example RAND Situational 
Adjustments



At  each time step in each sector
• Calculate attrition
• In ATLAS (TACWAR)



Equations for the Curves
• Attackers casualty rate  =  a * (x / y )-d + β
• Defenders casualty rate =  b * ( y / x ) –e + α
• Where: x = attacker’s combat power

y = defenders combat power
• a, b, e, α, and β depend on the combat posture (make the curves)

Engagement Type a b α β d e

Fortified 0.03593 0.012 0.008 0.02407 0.9 0.899021312

Prepared 0.02781 0.012 0.008 0.01919 0.87 0.899021312

Hasty 0.022384 0.015 0.01 0.016616 0.95 0.929916219

Meeting 0.02 0.02 0.011 0.011 0.89 0.89166815

Withdrawal 0.015434 0.0085 0.006 0.004566 0.93 0.879364086

Delay 0.015434 0.006 0.004 0.004566 0.93 0.778385397

Disorganized Retirement 0.015434 0.012 0.008 0.004566 0.93 0.899021312

Rout 0.015434 0.015 0.01 0.004566 0.93 0.929916219

Holding - - 0.009 0.009 0 0



Example
Attack of a fortified position by X on Y: 
Attacker casualty rate = .03593*(A/D)^(-.9) + .02407 
Defender casualty rate = .012*(D/A)^(-.899021312) + .008
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RAND’s Algorithm: At each 
time step in each sector

• Calculate attrition (some “intensity” multipliers are left out 
for understanding)

• In RAND’s JICM (for each day)
• MFR = Force ratio adjusted for situational factors
• Defense Loss Rate (DLR) = .03*MFR^.64
• Exchange ratio´ = ER´ = 4.5*MFR^(-.57)
• Attacker Loss Rate (ALR) = (DLR*ER´)/MFR

• Let’s do an example



Examples

MFR 1.000 2.000 4.000 8.000
DLR 0.030 0.047 0.073 0.114
ER' 4.500 3.031 2.042 1.375
ALR 0.135 0.071 0.037 0.020
FER (A/D) 4.500 1.516 0.510 0.172



ATLAS FEBA/FLOT Movement
 

ARMORED DIVISION MOVEMENT RATES 
(Terrain Type A, No Barriers) 

(In Miles per 24 Hours) 

FORCE RATIO (ATK / DEF) 

 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
Fortified Zone – – – 0.23 0.56 0.9 1.3 1.6 2.0 2.4 
Prepared Position – – – 0.86 2.0 3.1 4.0 4.7 5.35 6.0 
Hasty Position – – 0.66 2.7 4.0 5.5 6.4 7.8 8.65 9.5 
Meeting Engagement – 0.0 2.9 5.6 7.3 8.9 10.3 11.6 12.4 13.6 
Delaying Action – 5.2 8.3 11.0 13.0 14.0 15.0 16.0 16.5 17.0 
Orderly Retirement 0.0 13.0 16.0 17.4 18.5 18.9 19.2 19.5 19.8 20.0 
Disorganized Retreat 0.0 15.0 18.1 20.0 20.8 21.5 21.9 22.2 22.4 22.6 

Figure 4.3.3 – Typical ATLAS FEBA Movement Rates 

 



RAND JICM FEBA/FLOT Movement

Note:  DLR´ = DLR + air effects (helos + CAS)



Allocating Casualties to Systems

• Distribute equally
– Common assumption

• Based on history 
– E.g., Dupuy

• Situational adjustments
– E.g., RAND



Dupuy--Tank Losses as Function of 
Personnel Losses



Dupuy—Other System Losses as 
Function of Personnel Losses

Dupuy has many others, e.g., annual Helicopter loss rate in 
Vietnam ranged from 2.7 to 7.2 times annual personnel casualty 
rate—see Dupuy (1995), Attrition, Nova Publications



Let’s do an Example
• Indices: 1=Infantry, 2=Tanks, 3=Arty
• X1 = 10000, X2 = 100, X3 = 50
• S1 = 1, S2 = 10, S3 = 20
• Combat power = 12000
• Suppose, we lose 3% CP (in a time step)

– I.e., .03*12000 = 360
• Let Y = % manpower lost

• 360 = Σsystems Si*mi*Y*Xi, where mi is the multiplier of 
the loss rate relative to the base (infantry)

• Thus, 360 = 1*1*Y*10000 + 10*6*Y*100 + 20*.25*Y*50
• Solve for Y, get Y = .022154



Example continued

• Men lost = .022154*10000 = 221.54
• Tank lost = .022154*6*100 = 13.29
• Arty lost = .022154*.25*50 = .28

• Combat Power Lost = 221.54*1 + 13.29*10 + .28*20
= 360

• Repeat in following days



RAND Losses Allocation



An Objective Approach to Assigning System Fire 
Power Scores: Anti-Potential Potential (APP)

• The Basic Idea

– The value (score) of a weapon system is directly proportional to
the rate at which it destroys the value of opposing enemy weapon
systems.

– Thus the value of a system depends on its kill rates and on the 
value of the enemy systems it kills.



Some Notation

• Two opposing forces (X and Y) made up of heterogeneous weapon 
systems. 

• Let  Xi = the number of weapons of type i in the X force for i = 1,2,…,m, 
with Xt = {X1, …., Xm} 
Yj =the number of weapons of type j in the Y force for j = 1,2,…,n, 
with Yt = {Y1, …., Yn} 

• Define the weapon values (or scores to be determined) as: 
• SXi = the value of one type i weapon in the X force, with 

SXt = {SX1, …., SXm} 
• SYj = the value of one type j weapon in the Y force, with

SYt = {SY1, …., SYn} 



More Notation

• Need to define kill rates 
– Let Kij = the rate at which one Xi system kills Yj systems ( with 

K the m×n  matrix)
Lji = the rate at which one Yj system kills Xi systems (with 
L the  n×m  matrix)

• Kill rate values are usually obtained from the killer-victim 
scoreboards from high-resolution simulations



Applying the APP principle

• The value for a system of type i in the X force is 
given by totaling the values of the enemy system 
that it kills:

CX×SXi = ∑j Kij × SYj

• Similarly for the Y force:
• CY×SYj = ∑i Lji × SXi
• CX and CY are proportionality constants (more later)

• Total of m+n equations and m+n unknown values



Put in Matrix Form

(1)  CX×SX = K × SY
(2) CY×SY = L × SX
• Substitute (2) in (1),
• get CX×CY×SX = (K×L)(m×m)×SX 
• Let λ = CX×CY,
• Facts: 

– (1) $ a non-negative, largest eigenvalue λ (the same for 
both equation systems), and 

– (2) $ non-negative eigenvectors SX and SY (unique up to 
a scale factor) that satisfy the equations.



In Practice

• Solve for SX
– Scale by taking a base weapon system (say 

M1A1 tank) and set equal to 1.  This gives all 
other SX values.

• Given SX, solve for SY directly
• We will let the computer do the calculations

• This gives the APP scores



Let’s Do an Example

• In S-plus/see attached


